Two unique cis-fused streptothricins (1 and 2) were isolated from the culture broth of Streptomyces sp. I08A 1776. Their structures were determined by MS, CD, and 1D and 2D NMR spectroscopic data analysis. Compound 2 showed weak antibacterial activities against Bacillus subtilis and Enterococcus faecalis with MIC values of 32 and 64 lg ml À1 , respectively.
INTRODUCTION
Streptothricins (STs) are a group of basic, water-soluble antibiotics produced by actinomycetes. 1, 2 The common structures of STs consist of a heterocyclic streptolidine, a carbamoylated D-gulosamine, and an L-b-lysine-derived unit and were confirmed by a total synthesis in 1982. 3, 4 In most cases, the carbamoyl group was substituted at C-10 of the D-gulosamine moiety, to which the exocyclic nitrogen atom of streptolidine was attached through a b-glycosidic linkage. 5 But in recent years, some ST analogs with the carbamoyl located at C-12 were also isolated and identified from Streptomyces strains. [6] [7] [8] [9] The relative configuration of C-2 and C-3 in the streptolidine moiety was determined to be trans 10 and the absolute configuration was established as 2S, 3S, 4R by X-ray crystallography in 1972. 11 In the course of our screening program for new anti-tubercular antibiotics from microbial metabolites, five STs were previously identified from the culture of Streptomyces sp. I08A 1776, and one (3) of which possessed the unprecedented cis-fused streptolidine lactam moiety. 12 Continuing investigation of the less polar portion of the culture broth extract has resulted in identification of two additional cis-fused ST analogs (1 and 2, Figure 1 ). This paper describes the isolation, structure elucidation, and in brief, the in vitro antimicrobial and cytotoxic activities of 1 and 2.
RESULTS

Structure elucidation
Compound 1 was isolated as a white powder, and its molecular formula was indicated as C 33 groups. The NMR data (Table 1) showed resonances characteristic for ST antibiotics, 7,12-14 consisting of thirteen methylenes, six methines (one oxygen-and five nitrogen-bearing) and six quaternary carbons (five carbonyls and a guanidino). In addition, it showed resonances for an acetyl and another aminoglycosyl moiety. This suggested that 1 was an acetylated ST derivative with three b-lysine residues, which was confirmed by 2D NMR data analysis. 6) , suggested that the carbamoyl group was attached at C-12 of the gulosamine unit. 7, 12 The large coupling constant of J H7,H8 (9.6 Hz) suggested that the anomeric carbon of the gulosamine moiety had a b-configuration. 12,15-17 An HMBC correlation of H-7 with C-6 (d C 161.5) confirmed that the b-gulosamine moiety was connected with the guanidino carbon of streptolidine via the exocyclic nitrogen atom. Comparison of the coupling constants and chemical shifts of H-2-H-4 and C-2-C-5 in 1 with those of (2R, 3S, 4R)-10-de-Ocarbamoyl-12-O-carbamoyl-N b -acetylstreptothricin F (3) Gan et al. 12 and other STs 7, [12] [13] [14] indicated that the streptolidine lactam moiety in 1 had the same relative configuration as 3. In contrast to the large coupling of J H2,H3 (E14.0 Hz) of STs with the trans-fused streptolidine lactam moiety, 7,12-14 the diagnostic coupling constant of J H2,H3 (10.8 Hz) of 1 suggested that the streptolidine lactam moiety in 1 had the cis configuration. 18, 19 This was supported by NOE correlations of H-2 with H-3 and H-4 and between H-3 and H-4 in the ROESY spectrum of 1, demonstrating that these protons were on the same side of the ring system (Figure 2b ). The CD spectrum of 1 displayed a positive Cotton effect at 201 nm ascribed to the C ¼ N group in the guanidine residue 20, 21 and a negative Cotton effect at 222 nm for the n-p* transition of the lactam unit, 22 which was similar to that of 3. 12 This suggested the 2R, 3S configuration for 1. In addition, when applying the CD rule for lactones and lactams proposed by Wolf 23, 24 and Legrand and Bucourt, 25 the recorded negative Cotton effect (222 nm) also predicts the 2R, 3S configuration for 1 ( Supplementary Information, Supplementary Figure S1 ). The absolute structure (L-configuration) of b-lysine residues in STs was established by Van Tamelen et al. 26 by synthesis and confirmed by acid hydrolysis of STs. 27, 28 This was also supported by the biosynthesis studies on STs. 29, 30 Based on the biogenetic consideration, the configurations of C-16, C-22 and C-28 in the side chain of 1 were deduced to be S as in other STs. 3, 27, 28 Accordingly, the structure of 1 was identified as (2R, 3S, 4R)-
The spectroscopic data of 2 indicated that it was an isomer of 1. However, in the NMR spectra of 2, resonances for H-9, H-10 and C-10 in 2 were deshielded by Dd þ 0.09, þ 0.93 and þ 2.1 p.p.m., respectively, as compared with those of 1, whereas the resonances of H-12, C-9, C-12 and C-13 were shielded by Dd À0.49, À2.5, À3.7, and À1.2 p.p.m. This suggested that the carbamoyl on the D-gulosamine moiety at C-12 in 1 was at C-10 in 2, which was further confirmed by 2D NMR data of 2, particularly, by an HMBC correlation of H-10 with C-13. The coupling constants of H-7 (d H 5.14, d, J ¼ 9.6 Hz) and H-2-H-4, chemical shifts of C-2-C-5 and CD data of 2 were similar to those of 1, indicating that the anomeric carbon of gulosamine and the streptolidine moiety in the two compounds had the same configurations. Therefore, the structure of 2 was elucidated as (2R, 3S, 4R)-N b -acetylstreptothricin D.
Biological activity Antimicrobial activities of 1 and 2 were evaluated against Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212, Bacillus subtilis ATCC 6633, Mycobacterium tuberculosis H37Rv, Mycobacterium smegmatis MC 2 155, Pseudomonas aeruginosa ATCC 27853, Morganella morganii 07-09, Escherichia coli ATCC 25922 and Candida albicans ATCC 10231. Compound 2 showed weak activities against B. subtilis (MIC 32 mg ml À1 ) and E. faecalis (MIC 64 mg ml À1 ), whereas 1 was inactive to all the tested strains (MIC values 4128 mg ml À1 ). Levofloxacin was used as the positive control for bacteria with MIC values of 0.125-16 mg ml À1 . This result supported that the acetylation of b-lysine and the transformation of the carbamoyl group from C-10 to C-12 led to the loss or decrease of antimicrobial activity of STs, as observed earlier. 7, 12, 31 In addition, 1 and 2 were also assessed for their cytotoxicities against human lung adenocarcinoma (A549), hepatocellular carcinoma (HepG2), and cervical cancer (Hela) cell lines, but were inactive (IC 50 values 410 mM).
DISCUSSION
All STs have the same unusual heterocyclic moiety, streptolidine, for which Bycroft and King 11 proposed the biogenesis from arginine via capreomycidine intermediate. The proposal was supported by a series 38 However, the mechanism of formation of the intermediate capreomycidine in the biosynthesis of STs remains unresolved. 35, 39 A number of pathways were proposed for the conversion of arginine to capreomycidine. The incorporation studies with 2 H-labeled arginine help exclude the several pathways but do not completely support a single route. 34, 35 Interestingly, the recent incorporation study showed that 2S, 3R-[guanidino- 13 C] capreomycidine was not incorporated in the STs, suggesting that capreomycidine may be an enzyme-bound intermediate, unable to enter the cell, or is not a precursor of STs. 39 The unique 2R, 3S-configuration of 1 and 2 was different from the 2S, 3S-configuration in the common STs, indicating that the 2S-configuration of the starting L-arginine was inverted in the biosynthesis of 1 and 2. This would provide an insight to the proposed biosynthetic pathways of STs.
EXPERIMENTAL PROCEDURE General experimental procedures
Optical rotations were measured on a PerkinElmer model 343 polarimeter (PerkinElmer Inc., Waltham, MA, USA). UV and CD spectra were recorded on a JASCO 815 CD spectrometer (Jasco International, Tokyo, Japan). IR spectra were recorded on a Nicolet 5700 FT-IR microscope spectrometer (FT-IR microscope transmission, Thermo Fisher Scientific, Madison, WI, USA). 1D-and 2D-NMR spectra were obtained at 600 MHz for 1 H and 150 MHz for 13 C, respectively, on a Varian INOVA 600 MHz spectrometer (Varian, Palo Alto, CA, USA) in D 2 O. The solvent peak (DOH, d H 4.80) was used as an internal standard for 1 H NMR spectra and tetramethylsilane (TMS) was used as an external reference for 13 C NMR spectra. ESI-MS data were measured with a Thermo LTQ XL linear ion trap mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA). HR-ESI-MS data were obtained using a Thermo LTQ Orbitrap XL mass spectrometer. Column chromatography was performed with Diaion HP-20 macroporous resin and MCI Gel CHP-20P (Mitsubishi Chemical Inc., Tokyo, Japan), CM-Sephadex LH-20 (GE Healthcare BioSciences AB, Uppsala, Sweden) and Toyopearl SuperQ-650M (Tosoh Co., Tokyo, Japan). HPLC separations were performed on Shimadzu HPLC apparatus (Shimadzu, Kyoto, Japan) consisting of an LC-20AD pump and an SPD-M20A diode array detector with a Zorbax SB-C18 column (9.4 Â 250 mm, 5 mm, Agilent Co., Santa Clara, CA, USA).
Producing organism
Strain I08A 1776 was isolated from a soil sample collected from Shuangbai County, Yunnan Province of China. The strain was identified as a member of the genus Streptomyces based on the 16S rRNA sequence analysis by using EzTaxon. 40 Its 16S rRNA gene sequence (1461 bp), deposited in GenBank with accession number HQ704719, showed high sequence similarity of 99.5% to that of Streptomyces flavotricini strain NBRC 12770 (GenBank AB184132 
Fermentation
A stock culture of Streptomyces sp. I08A 1776 was inoculated into 250-ml Erlenmeyer flasks containing 50 ml of a sterile seed medium consisting of glucose 0.5%, yeast extract 0.5%, soluble starch 1.0%, soybean meal 1%, peptone 0.5%, beef extract 0.5%, corn steep liquor 0.4%, CaCO 3 0.4% and CoCl 2 Á 6H 2 O 0.002% in deionized water (pH 7.2 before sterilization). The fermentation was carried out on a rotary shaker at 28 1C for 2 days. Aliquots (15 ml) of the first seed culture were transferred to 1000-ml flasks containing 300 ml of the seed medium. After incubation on a rotary shaker at 28 1C for 2 days, a total of 2.5 l of the precultures was transferred into a 50-l fermentor containing 25 l of the same medium and then cultured at 28 1C for 3 days with aeration and agitation. The fermentation process described above were carried out two times and a total volume of 50 l culture broth was harvested.
Isolation
The fermentation broth (50 l) was filtered and adjusted to pH 8.0. The filtrate was subjected to a Diaion HP-20 macroporous adsorbent resin column (5 l). Successive elution of the column with H 2 O, 20, 50 and 100% acetone yielded four corresponding portions (F 1 -F 4 ) after removing solvents. The antibiotic fraction (F 2 , 90 g) was separated over MCI Gel CHP-20P (1 l), eluting successively with H 2 O, 20, 50 and 100% MeOH, to give four subfractions (F 2-1 -F 2-4 ). Separation of F 2-3 (5.3 g) over CM-sephadex C-25 (Na þ , 500 ml) using a linear gradient of aqueous NaCl solution (0-2 M) gave five residues (F 2-3-1 -F 2-1-5 ). Fraction F 2-3-2 was extracted with MeOH-H 2 O (3:1) and then the methanol extract was desalted by column chromatography over sephadex LH-20 (3 Â 120 cm) eluting with H 2 O. The resulting H 2 O fraction (36 mg) was subjected to reversed-phase preparative HPLC (Zorbax SB-C18 column, 5 mm, 9.4 Â 250 mm, 210 nm, Agilent Co.) using the mobile phase of 5% MeOH containing 0.1% trifluoroacetic acid to afford two fractions according to the peaks (t R 21.5 and 18.1 min, respectively). Each fraction was separately lyophilized, redissolved in water and then subjected to anion exchange chromatography over SuperQ-650M (Cl À , 1 ml) to exchange trifluoroacetic acid to afford the hydrochlorides of 1 (5 mg) and 2 (3 mg), respectively. Two streptothricins from Streptomyces sp.
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Biological activity assay
Antimicrobial assays were performed according to previously described method. 12 The cytotoxicities of 1 and 2 against A549, HepG2 and Hela cell lines were evaluated by using the 3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) method described by Mo et al. 41 
